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[57] ABSTRACT

The size and location of rock formation cavities are
determined by placing small bodies within the cavity,

~ altering the physical or chemical state of the bodies

within the cavity and measuring the change of state of
the bodies thereby providing a measurement of the
location or size of the cavity. Preferably, the small bod-
ies are detonatable bodies which upon detonation pro-
vide an acoustic indication of the size and location of
the cavity.

10 Claims, 4 Drawing Figures
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" PROCESS FOR DETERMINING THE LOCATION

' AND/OR EXTENT OF ROCK CAVITIES

BACKGROUND OF THE INVENTION

| The. invention relatesto a process for determining the
location and/or the size of rock cavities, particularly
artificially generated rock cracks.

- A process for.determining the location or the extent
or rock cavities or formations which is based on electri-

cal resistance measurement is known. To exactly deter-
mine the presence of small cavities by this method, it is
necessary. to. perform several drillings and to introduce
resistance :measuring probes. If the cavities or rock

o cracks are artificially generated, this prior art process
largely fails, particularly because the resistance changes

evoked by, the artificial cracks cannot be exactly inter-

- preted.. This prior art'method of measurement suffers

also from: the fact that it is dependent, not so much on
the actual cavity or the inclusion of various material in
the  cavity, but more importantly on the moisture con-
tent .of the rock.

‘It:is also theoretically possible to utilize acoustic
measuring processes to determine the location and the

course of cracks. Thermal tensions and pressure varia-

tions in the vicinity of a crack, particularly in coal and

~country rock (Nebengestein) generate acoustic signals
. which can be measured. These signals, however, are not
locally bounded and are indefinite, both with respect to
 their nature and their duration, so that an exact interpre-

tation of the signals picked up by the geophones is not

~ possible.

In the particular case of the artificial production of

i rock cracks, mostly designated as Frac technology, it is

essential that the size, position and course of the cracks

be determined. All of the known measuring processes
for the determination of artificial cracks have the com-

mon disadvantage that, because of limited penetration

~ depth ‘and range, a satisfactory registration and ade-

quate resolution and interpretation of the measurement
s:gnals is impossible.

- The determination of the exact posmon ancl extent of
rock cracks is of éxtreme importance in processes for

the recovery of gas from coal, wherein coal seams are
opened. up by drillings, between which opened seams,

by reason of natural permeability in the formation, there

is present a permeable connection through naturally

occurring of artificial gaps or crack fission systems. Into
one of the bores of the drill, partlcularly an injection

~ bore, gases Or vapors having as the main components
‘thereof air, water vapor, oxygen or mixtures of these,
are introduced which penetrate into a seam and support

an initial combustion process and a subsequent gasifica-

~ tion process. The resulting gas mixture is then removed

from the production bore.

' As.a rule, the natural permeability is not satisfactory.
As a result, the permeability of the seam must be artifi-
cally reinforced or even established. For example, rock
cracks can be generated hydraulically by the so-called
“hydraulic fracturmg“ method. In this method the en-

- ergy of the frac fluid is used to induce cracking in the

formation ;and,. simultaneously, through the transport

‘capacity of the fluid a supporting agent is introduced

into the newly created crack, to hold the crack open

- against the rock pressure.

Both the cavity formed from the artificially gener-

reaction are, with the conventional methods described,
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virtually incapable of having their position and extent
determined. In particular, it is also impossible, in prac-
tice, to monitor the extent, the location and the progress
of the combustion reaction.

Accordingly, underlying the present invention is the
problem of providing a process for determining the
location and/or the extent of rock cavities, especially of
artificially generated rock cracks, which 1s exact, simple
and dependable and which produces measurable results
which are interpretable.

SUMMARY OF THE INVENTION

The problem underlying the present invention is
solved by introducing and distributing into the cavity,

small bodies, spaced from one another within the cav-
ity, locally and progressively altering the physical and-

- for chemical state of the cavity in such a way that the
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.. ated crack and the cavity arising from the combustion -

bodies also change their physical and/or chemical state,
and locating the bodies because of this physical and/or
chemical change of state.

The invention is based, therefore, on the idea of intro-
ducing small bodies spatially distributed from each
other into the natural or artificially formed cavities, 1.e.
cracks, in order to act upon the bodies by a spatial pro-
gressive change so that, the reactions of the bodies can
be measured or determined.

This principle can be simply utilized through the use
of detonatable bodies as the small bodies which are
detonated by the progressive physical and/or chemical
change of state of the cavity. The location of each deto-
nation is then determined by seismic procedures known
to the art. The progressive physical change of state may
be effected by a progressive heating zone, for example a
combustion zone, which progresses through a combus-
tible substance introduced into the cavity or through a
coal seam adjoining the cavity.

This method of performing the process of the present
invention when the heating zone is moved causes the
small bodies to detonate upon reaching a certain tem-
perature. The position of the individual detonated bod-
ies can be determined and then located through conve-
tional seismic locating devices. In actual practice, it is
safe to assume that the small detonating bodies are posi-
tioned in all essential spaces or expanded portions of the
cavity. As a result, the entire extent and position of the
cavity can be determined. Simultaneously, there is pro-
duced, of course, a special advantage in that the loca-
tion and velocity of the combustion zone can be indi-
rectly determined.

In another embodiment of this invention there is uti-
lized a progressive change in the chemical state within
the cavity. This change in chemical state proceeds from
one side of the cavity, for example an edge of a crack,
and thus affects the small bodies which, by reason of
chemical reaction, are caused to detonate directly or to
detonate with interposition of chemical-mechanical
processes.

Another embodiment of the present invention con-
sists of depositing small bodies of different physical or
chemical nature 1n predetermined, preferably known,
arrangement in the cavity. The small bodies are identi-
fied and located on the basis of the differences in physi-
cal or chemical nature. It is also appropriate to note that
in the case of small bodies having a differing chemical
nature, a fluid can be introduced from one side of the
cavity, which dissolves or reacts with the small bodies.
The fluid is subsequently removed from the cavity at a
point remote from the point of introduction and the
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- substance contained in the removed fluid, carried along
by the solution or reaction of the small bodies is deter-

mined as a function of time. In this embodiment of the

process, therefore, the small bodies consist of different
substances. It is possible to proceed on the assumption
that, for example, the solution of the small bodies that is

brought about by the fluid introduced into the cavity
progresses slowly therethrough. As a result, by examin-
ing the liquid flowing from the cavity and knowing the
composition of the small bodies going into solution,
and, on the basis of the previously determined geomet-
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ric allocation of the bodies, it is possible to determine

the position of the bodies.

The invention further relates to a small body for use
in a process for determining the location and/or the
extent of rock cavities. The bodies contain an explosive
according to the invention. Preferably, the explosive is

surrounded by a capsule. It is also possible for the body
to have the form of small spheres or thin foil strips.-

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be explained in detail by reference
‘to the attached drawings. -

FIG. 1 illustrates schematically, a rock formation
section along a crack to be investigated;

FIG. 2 graphically illustrates the temperature of a
progressive combustion zone;

FIG. 3 is a section view of a small, spherical, detonat-

able body;
FIG. 4 illustrates a small body in the form of a foil.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates a section through a rock forméi;ion, |

into which has been introduced an injection bore 1 and
a production bore 2. A seam of coal 5 is positioned
between a roof 3 and a floor 4. Upon introduction of a
high pressure liquid into the bores 1 and 2, a crack 6
(schematically represented) is introduced into the coal
extending between the injection bore 1 and the produc-
tion bore 2.

According to the process of the invention, there are
deposited in crack 6 between conventional supports 7
small detonatable bodies 8. The deposition takes place
in a manner known to the art. |

After completion of the deposition step, there are
introduced into the injection bore 1 and the production
bore 2 geophones 9 and 10, which are connected in a
conventional manner to corresponding measuring ar-
rangements.

In accordance with the process of the invention, the
coal seam 5 is ignited in the zone proximate to the pro-
duction bore 2. A gaseous mixture comprising air, hy-
drogen, oxygen or mixtures thereof is introduced into
injection bore 1 to provide a sustaining combustion and
gasification process. The combustion zone moves from
the production bore 2 counter current to the flow of
gases entering injection bore 1. The reaction tempera-
ture is plotted in FIG. 2 as a function of the distance
along path s between the injection bore 1 and the pro-
duction bore 2. The zone moves from bore 2 towards
bore 1 in the direction of an arrow 11. Also indicated on
FIG. 2 are defined temperatures ti, t3, t3. . . For exam-
ple, t2 may be the temperature at which the small bodies
detonate. The point where the temperature line t; inter-
sects the temperature curve, defines the location or
distance along path s at which the detonation takes
place. The geophones 9 and 10 then detect and measure
the detonation by conventional measuring techniques.
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The supports 7 and the small bodies 8 form, in each
case, a series of defined zones. The zone in which the
small detonatable bodies are located can, according to
another embodiment of this invention, be filled with
large amounts of deposited explosive in order to in-
crease the detonation energy. In such a case, the small
detonatable bodies act as igniters.

FIG. 3 shows a small body 12 whose explosive 13 is
surrounded by a capsule 14.

FIG. 4 shows a small body in the form of a foil strip
15 of explosive. Under certain conditions, this body is
easier to embed within crack 6.

I claim as my invention: | ~

1. A process for determining the location or size of a
rock formation cavity including artificially generated
rock formation cracks which comprises introducing
small bodies spaced from one another into the cavity,
progressively altering the state of the small bodies
within the cavity, and measuring the change of state of
the small bodies thereby providing a measurement of
the location or size of the cavity.

2. A process according to claim 1 characterized in

that the small bodies are introduced into the cavity by

means of a carrier fluid. .

3. A process according to claim 1 characterized in
that the small bodies are introduced and deposited into
the cavity with a supporting means.

4. A process according to claim 1 characterized in
that the small bodies comprise detonatablé bodies, said
process including successively detonating by progres-
sive change of state of the small bodies within the cav-
ity. . o |

5. A process according to claim 4 characterized in
that a chemical fluid is introduced into the cavity
which, on reaching the small bodies, produces a detona-
tion. | -

6. A process according to claim 1 characterized in
that small bodies having different nature are deposited
In a predetermined position in the cavity whereby the
differences in the nature of the small bodies permit the
cavity to be located. |

1. A process according to claim 1 characterized in
that small bodies are embedded in the cavity as igniters
of explosives also introduced into the cavity.

8. A process for determining the location or size of a
rock formation cavity including artificially generated
rock formation cracks which comprises introducing
small bodies spaced from one another into the cavity,
progressively altering the state. of the small bodies
within the cavity by heating them, and measuring the
change of state of the small bodies thereby providing a
measurement of the location or size of the cavity.

9. A process according to claim 8 characterized in
that the progressive heating is provided by progressive
combustion of combustibles introduced into the cavity
or of the combustible parts of the rock formation adja-
cent to the cavity.

10. A process for determining the location or size of
a rock formation cavity including artificially generated
rock formation cracks which comprises introducing
small bodies spaced from one another in predetermined
positions in the cavity, which small bodies have a differ-
Ing chemical nature across the cavity, introducing a
fluid into the cavity to dissolve or react with the small
bodies, removing the fluid from the cavity at a point
remote from the point of introduction, and measuring
the amount of small bodies in the removed fluid as a
function of time, thereby providing a measurement of

the location or size of the cavity.
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